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1
ELECTRONIC DEVICE

TECHNICAL FIELD

The present disclosure relates to an electronic device
having electronic components arranged on stacked carriers
without bonding wires, and more particularly to an elec-
tronic device.

DESCRIPTION OF THE RELATED ART

An electronic device applied 1n a system of high power
consumption has numerous electronic elements formed
within the electronic device. The electronic elements in the

clectronic device are usually formed by wire bonding.
However, the more bonding wires formed within the elec-
tronic device induce more parasitic capacitances which
deteriorate the stability and consumes more power. Thus,
how to form an electronic device applied for a high power
consumption system without influence of bonding wires 1s
an 1mportant 1ssue.

SUMMARY OF THE DISCLOSURE

The following description illustrates embodiments and
together with drawings to provide a further understanding of
the disclosure described above.

An electronic device includes a first carrier having a top
surface and a bottom surface, a first electronic element
formed on the top surface, a second electronic element
formed on the bottom surface, a second carrier below the
first carrier and having a first surface near the first carrier,
and a controller formed on the first surface.

An electronic device includes a first carrier having a top
surface and a bottom surface, a first electronic element
formed on the top surface, a second electronic element
tlip-chip bonded on the bottom surface, and a second carrier
below the first carrier.

An electronic device includes a first carrier having a top
surface and a bottom surface, a switch formed on the top
surface, a current source formed on the bottom surface, a
second carrier below the first carrier and having a first
surface near the first carrier and a controller formed on the
first surface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows an exploded view and a perspective view
of an electronic device in accordance with an embodiment of
the present disclosure.

FIG. 1B shows a top view and a bottom view 1n accor-
dance with an embodiment shown 1n FIG. 1A.

FIG. 2A shows a top view and a bottom view of the top
portion 1 FIG. 1A.

FIG. 2B shows a cross-sectional view of the top portion
along the line AA' in FIG. 2A.

FIG. 2C shows an equivalent circuit 1n accordance with
the top portion shown 1n FIG. 2A.

FIG. 3A shows a top view of the bottom portion in FIG.
1A.

FIG. 3B shows a cross-sectional view of the bottom
portion along the line BB' shown 1n FIG. 3A.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

The drawings 1llustrate the embodiments of the applica-
tion and, together with the description, serve to illustrate the
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principles of the application. The same name or the same
reference number given or appeared in diflerent paragraphs
or figures along the specification should has the same or
equivalent meanings while 1t 1s once defined anywhere of
the disclosure. The thickness or the shape of an element in
the specification can be expanded or narrowed.

FIG. 1A shows an exploded view and a perspective view
ol an electronic device 1n accordance with an embodiment of
the present disclosure. Referring to the upper part of FIG.
1A, an electronic device 1000 includes an encapsulation
layer 300, a top portion 100, a bottom portion 200 and pillars
40. Referring to the lower part of FIG. 1A, the electronic
device 1000 has a carner 10, a top carrier 20, electronic
clements 11, 14, a first top electrode layer 21, a first bottom
clectrode layer (not shown), a bottom carrier 30, an con-
troller 13, a second top electrode layer 31 and a second
bottom electrode layer (not shown). It 1s noted, the encap-
sulation layer 300 1s opaque. The controller 13 can be an
integrated chip (IC). In an embodiment, the controller 13
provides signals for controlling other elements or devices.
The elements 1n the lower part of FIG. 1A encapsulated by
the encapsulation layer 300 are consisted of continuous lines
as shown 1n FIG. 1A for convenience of understanding. The
pillars 40 penetrate the top portion 100 and electrically
connect the top portion 100 and the bottom portion 200. The
top carrier 20 has a first top surface 201, a first bottom
surface 202, and a first side surface 203 between the first top
surface 201 and the first bottom surface 202. The bottom
carrier 30 has a second top surface 301, a second bottom
surface 302, and a second side surface 303 between the
second top surface 301 and the second bottom surface 302.
The first bottom surface 202 1s arranged between the first top
surface 201 and the second top surface 301. The encapsu-
lation layer 300 covers the top portion 100, the bottom
portion 200 and the pillars 40. To be more specific, the
encapsulation layer 300 1s directly connected to the first top
surface 201, the first side surface 203, and the top surface
301. The encapsulation layer 300 1s not physically connected
to the second side surface 303. The second bottom surface
302 1s not directly connected to the encapsulation layer 300.
In an embodiment, a portion of the encapsulation layer 300
1s arranged between the first bottom surface 202 and the
second top surface 301. The encapsulation layer 300 1s a
molding compound. The material of the encapsulation layer
300 can be epoxy, resin, moldable polymer, or the like. In an
embodiment, the material of the encapsulation layer 300 can
be an ultraviolet (UV) cured polymer, a thermally cured
polymer, a thermoplastic material, a potting material or a
thermally cured resin applied 1n a form of gel or malleable
solid, and then be cured through a UV or thermal curing
process. In an embodiment, the encapsulation layer 300 may
be cured with a mold (not shown). In an embodiment, the
encapsulation layer 300 includes S10, or SiN .

The top portion 100 1s overlapped with the bottom portion
200. The top portion 100 has a projection on the bottom
portion 200, and the projection area 1s smaller than the area
of the bottom portion 200. The pillars 40 are formed at
positions near the corners of the top portion 100. The pillars
40 provide connection between the top portion 100 and the
bottom portion 200 1n the electromic device 1000 and
provide electrical conductive path between the top portion
100 and the bottom portion 200. Moreover, the pillars 40
also enhance the structural strength of the electronic device
1000. Referring to FIG. 1A, one of the pillars 40 has a top
end 4001 above the top surface 201 and a bottom end 4002
(not shown) exposed from the bottom surface 302. In an
embodiment, the electronic device 1000 has a first encap-
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sulation layer covering the top portion 100 and the bottom
portion 200 and a second encapsulation layer entirely
arranged between the top portion 100 and the bottom portion
200.

FIG. 1B shows a top view and a bottom view 1n accor-
dance with an embodiment shown in FIG. 1A. Referring to
the top view in FIG. 1B, the top portion 100 i1s fully
overlapped with the bottom portion 200, and at least a
portion of the bottom portion 200 1s not covered by the top
portion 100. The controller 13 1s exposed without being
covered by the top portion 100. The pillars 401, 402, 403 are
located near edges of the electronic device 1000. The pillars
401, 402, 403 penetrate the top portion 100 and the bottom
portion 200. As shown 1n FIG. 1B, the pillar 401 has a top
end 4001 and a bottom end 4002. Referring to the top view,
the top end 4001 1s exposed from the top portion 100 in the
top view. Referring to the bottom view, the bottom end 4002
1s exposed from the bottom portion 200. The pillars 401,
402, 403 are electrically connected to the first top electrode
layer 21 of the top portion 100, the second top electrode
layer 31 of the bottom portion 200, and the second bottom
clectrode layer 32 of the bottom portion 200. To be more
specific, the pillar 401/402/403 includes conductive mate-
rials and has a conductive side end (not shown) between the
top end 4001 and the bottom end 4002. The conductive side
end 1s directly connected to the first top electrode layer 21
and the second bottom electrode layer 32. In an embodi-
ment, the top end 4001 and the bottom end 4002 can be
conductive. In an embodiment, the pillars 401, 402, 403
include conductive metal, such as copper, gold and/or silver.

FIG. 2A shows a top view and a bottom view of the top
portion 1n FIG. 1A. Referring to FIG. 2A, the upper part
shows the top view and the lower part shows the bottom
view. The top portion 100 includes a carrier 10, a top carrier
20, clectronic elements 11, 120, 121, 122, 14, a first top
clectrode layer 21, a metal layer 101 and a first bottom
clectrode layer 22. The metal layer 101 has a first portion
between the carrier 10 and the electronic elements 11, 14 and
a second portion within the top carrier 10. The electronic
clements 11, 14 are electrically connected with the first top
clectrode layer 21 by the metal layer 101. Referring to the
top view, the electronic elements 11, 14 are formed on a
carrier 10. In an embodiment, the matenial of the first top
clectrode layer 21 and a first bottom electrode layer 22 can
be Au, Cu, Ti, N1, Al, Pt, alloy thereof, or a combination
thereotf. The electronic element 11 can be used as a switch,
such as an enhancement mode transistor or an enhancement
mode MOSFET (metal-oxide-semiconductor {field-effect
transistor). In an embodiment, the electronic element 14 1s a
passive electronic element, such as a resistor. The through

holes 400A-400C are arranged near edges of the top carrier
20. The through holes 400A-400C are provided for 1inserting

pillars 401~403 shown in FIG. 1B. The pillars 401~403
shown 1n FIG. 1B are physically connected to the top portion
100. To be more specific, the pillars 401~403 shown 1n FIG.
1B are physically connected to the top carrier 20 and the first
top electrode layer 21, especially physically connected to a
side surface (connecting the first top surface 201 and the first
bottom surface 202) within the top carrier 20 and an edge of
the first top electrode layer 21. The pillars 401~403 shown
in FIG. 1B are clectrically connected to the electronic
clements 11, 120, 121, 122, 14, the first top electrode layer
21 and the first bottom electrode layer 22.

The carrier 10 1s formed on the first top surface 201 of the
top carrier 20. The carrier 10 1s electrically connected to the
top carrier 20. The carrier 10 1s electrically connected to the
top carrier 20 through an electrically conductive paste, such
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as a solder or an anisotropic conductive film. The electronic
clements 11, 14 are electrically connected to the first top
clectrode layer 21. Referring to the bottom view 1n the lower
part of FIG. 2A, the electronic elements 120, 121, 122 are
formed on the first bottom surface 202 of the top carrier 20.
The electronic elements 120, 121, 122 are electrically con-
nected to the first bottom electrode layer 22. Furthermore,
the electronic elements 120, 121, 122 are electrically con-
nected to the electronic elements 11, 14 sequentially through
the first bottom electrode layer 22, the metal layer (not
shown) within the top carrier 20, the first top electrode layer
21 and the metal layer 101 of the carrier 10. In an embodi-
ment, the electronic elements 120, 121, 122 are transistors,
such as gallium nitride (GaN) based HEMTs (High-electron-
mobility transistors). To be more specific, the electronic
clements 120, 121, 122 are depletion mode transistors which
are operated 1 a normally on mode. Thus, the electronic
clements 120, 121, 122 have negative threshold voltage. The
first bottom electrode layer 22 further includes heat dissi-
pation portions 220 and 221 to enhance the heat dissipation
of the electronic elements 11 and 14. The carrier 10 1is
formed on an edge of the top carrier 20 while the electronic
clements 120, 121, 122 are substantially formed on an
opposite edge of the carrier. In other words, the electronic
clements 120, 121, 122 are not overlapped with the elec-
tronic elements 11 and 14. In an embodiment, a heat
dissipation layer 1s formed between the electronic element
11 and the carrier 10. The heat dissipation layer i1s not
overlapped with the electronic elements 120, 121, 122. The
clectronic elements 120, 121, 122 are arranged based on the
requirement of the electronic device 100. For example, three
clectronic elements 120, 121, 122 are arranged for higher
output application while one element 120 1s arranged for
lower output application. To be more specific, one electronic
device with only one electronic element, such as the elec-
tronic element 120, 1s arranged to provide maximum current
output of 10 mA, and another electronic device with three
electronic elements, such as the electronic element 120, 121,
122, 1s arranged to provide maximum current output of 30
mA. In an embodiment, the maximum current output of the
electronic elements 120, 121, 122 are different. In an
embodiment, the electronic elements 120, 121, 122 are
designed to provide different amount of current.

In an embodiment, the electronic element 11, 120, 121,
122 includes a substrate suitable for epitaxial growth, such
as sapphire (Al,O,), silicon carbide (S1C), or silicon (S1). In
an embodiment, the substrate 1s made of silicon (S1) and has
a thickness ranged between 200 and 400 um, for example
300 um. The electronic element 120, 121, 122 can be made
of gallium nitride (GaN), MN, AlGaN, Al In Ga, N
(O<y<1, 0<z<1), or etc. In an embodiment, the electronic
clement 120, 121, 122 includes GaN and aluminum gallium
nitride (Al Ga,,_N), x=0.05~1. The material of the elec-
tronic element 120, 121, 122 can be selected from AlGaN/
InGaN/GaN, AIN/GaN, AIN/InGaN/GaN, AlGaAs/GaAs,
AlGaAs/InGaAs, InAlAs/InGaAs, and InGaP/GaAs. The
clectronic element 120, 121, 122 has a thickness of a range
150~300 nm, for example 200 nm.

FIG. 2B shows a cross-sectional view of the top portion
100 along the line AA' in FIG. 2A. Referning to FIG. 2B, the
clectronic element 120 1s overlapped with the electronic
clements 11 and 14. The electronic element 122 and the
clectronic element 120 are arranged on different sides for
convenience of arranging multiple devices on one surface. In
an embodiment, the electronic element 121 and the elec-
tronic element 120 are arranged with respect to an imaginary
central line passing through a geometrical center of the top
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carrier 20 1n a direction parallel with the longer edge of the
top portion 100. The electronic element 122 1s not over-
lapped with the electronic elements 11 and 14. In an embodi-
ment, no electronic element 1s arranged below the electronic
clements 11 and 14, and the heat generated by the electronic
clements 11 and 14 while operating can be easily dissipated
to the air. To be more specific, the first bottom surface 202
1s vacated at the position corresponding to the electronic
clements 11 and 14 to reach a better heat dissipation per-
formance. Referring to FIGS. 2A-2B, the electronic ele-
ments 11, 14, 120, 121, 122 are arranged on the carrier
without being connected to a wire. To be more specific, the
clectronic elements 120, 121, 122 are thp-chip mounted on
the top carrier 20, and the electronic elements 11, 14 are
flip-chip mounted on the carrier 10.

FIG. 2C shows an equivalent circuit 1n accordance with
the top portion 100 shown 1 FIG. 2A. To be more specific,
FIG. 2C shows the equivalent circuit of the electronic
clements 11, 14, 120, 121 and 122. Referring to FI1G. 2C, the
electronic elements 120, 121 and 122 are functioned as
current sources. The electronic element 11 1s provided as a
switch to control the electronic elements 120, 121 and 122.
The electronic element 14 1s provided for controlling the
voltage between the drain end and the source end of the
clectronic element 11, and for tuning the output current of
the circuit. In an embodiment, the electronic elements 121
and 122 are not provided, and the electronic element 11 1s
provided to control the electronic element 120. The combi-
nation of the electronic elements 11, 14, 120, 121 and 122
1s used as an enhancement mode cascode power switch
which 1s operated 1n a normally off mode. In an embodiment,
the combination of the electronic elements can be used as an
enhancement mode transistor which 1s also operated in a
normally ofl mode. To be more specific, the gate end and the
source end of the enhancement mode cascode power switch
are respectively corresponding to the gate end and the source
end of the electronic elements 11, and the drain end of the
enhance mode cascode power switch 1s corresponded to the
drain ends of the electronic elements 120,121 and 122.
Furthermore, the enhancement mode cascode power switch
can be operated to turn on/ofl through receiving a control
signal from the gate end (of the electronic elements 11). The
control signal can be provided by the controller 13.

FIG. 3A shows a top view of the bottom portion 200 in
FIG. 1A. FIG. 3B shows a cross-sectional view of the
bottom portion 200 along the line BB' in FIG. 3A. The
bottom view of the bottom portion 200 1s i1dentical to the
bottom view of the electronic device 1000 as shown 1n FIG.
1B. The bottom portion 200 includes a bottom carrier 30, a
controller 13, a second top electrode layer 31 and a second
bottom electrode layer 32. Referring to FIG. 3A, the con-
troller 13 1s arranged on the second top electrode layer 31.
In an embodiment, the material of the second top electrode
layer 31 and a second bottom electrode layer 32 can be Au,

Cu, Ti, N1, Al, Pt, alloy thereof, or a combination thereof.
The through holes 400A-400C are arranged near edges of

the bottom carrier 30. The through holes 400A-400C are
provided for inserting pillars 401~403 shown in FIG. 1B.
The pillars 401~403 shown in FIG. 1B are physically
connected to the bottom portion 200. To be more specific,
the pillars 401~403 shown in FIG. 1B are physically con-
nected to the bottom carrier 30 and the second top electrode
layer 31, especially physically connected to a side surface
(connecting the second top surface 301 and the second
bottom surface 302) within the bottom carrier 30 and an
edge of the second top electrode layer 31. The pillars (not
shown) are electrically connected to the controller 13, the
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second top electrode layer 31 and the second bottom elec-
trode layer 32. The pillars (not shown) are electrically
connected to the top portion 100 and eclements within.
Therefore, the elements within the bottom portion 200 can
be electrically connected to the element within the top
portion 100 through the pillars. For example, the electronic
clement 11 1s electrically connected to the controller 13
through the pillars.

The controller 13 1s electrically connected to the second
bottom electrode layer 32 sequentially through the second
top electrode layer 31, the metal layer (not shown) within the
bottom carrier 30. The external power or instruction signal
can be transmitted to the controller 13 through the second
bottom electrode layer 32. The controller 13 1s provided as
a controller for controlling the electronic elements 11, 120,
121, 122 according to the instruction signal. As shown 1n
FIG. 3A, the second top electrode layer 31 has an exposed
portion 310. In an embodiment, the exposed portion 310 1s
clectrically connected to the controller 13 through bonding
wires. In an embodiment, the exposed portion 310 1s elec-
trically connected to the controller 13 through the metal
layer (not shown) within the bottom carrier 30, and the
exposed portion 310 1s used to detect the external instruction
signal or signals from the controller 13. Referring to FIG.
3B, the controller 13 1s arranged on the second top electrode
layer 31 and the exposed portion 310 1s located on the right
side of the controller 13. The controller 13 1s arranged on the
carrier without connecting to a wire. To be more specific, the
controller 13 1s flip-chip mounted on the bottom carrier 30.

A portion of the second bottom electrode layer 32 1is
overlapped with the controller 13. In an embodiment, the
controller 13 includes a substrate suitable for epitaxial
growth, such as sapphire (Al,O,), silicon carbide (S1C), or
silicon (S1). In an embodiment, the substrate 1s made of
silicon (S1) and has a thickness of a range 200~400 um, for
example 300 um.

It will be apparent to those having ordinary skill in the art
that various modifications and variations can be made to the
devices 1n accordance with the present disclosure without
departing from the scope or spirit of the disclosure. In view
of the foregoing, 1t 1s intended that the present disclosure
covers modifications and variations of this disclosure pro-
vided they fall within the scope of the following claims and
their equivalents.

What 1s claimed 1s:

1. An electronic device, comprising:

a topmost carrier comprising a first top surface and a first
bottom surface:

a first electronic element formed on the first top surface;

a first electrode layer arranged on the first top surface;

a second electronic element formed on the first bottom
surface;

a bottommost carrier arranged below the topmost carrier
and having a second top surface facing the topmost
carrier, and a second bottom surface opposite to the
second top surface;

a second electrode layer formed on the second bottom
surface:

a controller formed on the second top surface; and

a pillar connected to the first electrode layer, the topmost
carrier and the bottommost carrier, and having a {first
surface, a second surface and a side surface between the
first surface and the second surface; and

an encapsulation layer arranged on the {first to surface and
directly connected to the first electronic element and
the first surface,
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wherein the first electrode layer 1s not covered by the first
electronic element,
wherein the first surface and the side surface are exposed

on the first top surface, and

wherein the second surface i1s exposed on the second
bottom surface.

2. The electronic device according to claim 1, wherein the

first electronic element comprises a silicon based matenial.

3. The electronic device according to claim 1, wherein the
second electronic element comprises a gallium based mate-
rial.

4. The electronic device according to claim 1, wherein the
pillar 1s electrically connected to the first electronic element
and the controller.

5. The electronic device according to claim 1, wherein the
encapsulation layer has a portion arranged between the
topmost carrier and the bottommost carrier.

6. An electronic device, comprising:

a topmost carrier comprising a first top surface and a first

bottom surface;

a first electronic element formed on the first top surface;

a second electronic element flip-chip bonded on the first
bottom surface;

a bottommost carrier arranged below the topmost carrier;

a pillar connected to the topmost carrier and the bottom-
most carrier, and having a first surface, a second surface
and a side surface; and

an encapsulation layer arranged on the topmost carrier,
and directly connected to the first electronic element,
the first surface and the side surface,

wherein the first surface and the side surface are exposed
on the first top surface.

7. The electronic device according to claim 6, further

comprising a controller formed on the bottommost carrier.

8. The electronic device according to claim 7, wherein the
controller 1s not covered by the topmost carrier.

9. An electronic device, comprising:

a topmost carrier comprising a {irst top surface and a first

bottom surface;

a switch formed on the first top surface;

a current source formed on the first bottom surface;

a bottommost carrier arranged below the topmost carrier,
and having a second top surface facing the topmost
carrier, and a second bottom surface opposite to the
second top surface;
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an electrode layer arranged on the second bottom surface;

a controller formed on the second top surface to control

the switch; and

an encapsulation layer arranged on the first top surface

and the second top surface; and

a pillar connected to the topmost carrier and the bottom-

most carrier, and having a first surface, a second surface
and a side surface between the first surface and the
second surface,

wherein the first surface and the side surface are exposed

on the first top surface,

wherein the second surface 1s exposed on the second

bottom surface.

10. The electronic device according to claim 9, wherein
the current source comprises a heterojunction structure.

11. The electronic device according to claim 9, further
comprising a heat dissipation layer arranged below the
switch without overlapping the current source.

12. The electronic device according to claim 9, wherein
the current source has a negative threshold voltage.

13. The electronic device according to claim 9, wherein
the pillar penetrates the topmost carrier and 1s physically
connected to the bottommost carrier.

14. The electronic device according to claim 1, wherein
the encapsulation layer 1s directly connected to the side
surtace.

15. The electronic device according to claim 1, wherein
the second electrode layer 1s electrically connected to the
pillar.

16. The electronic device according to claim 1, further
comprising a heat dissipation layer arranged on the first
bottom surface.

17. The electronic device according to claim 6, wherein
the bottommost carrier has a second top surface facing the
topmost carrier, and a second bottom surface opposite to the
second top surface.

18. The electronic device according to claim 9, wherein
the electrode layer 1s electrically connected to the pillar.

19. The electronic device according to claim 9, wherein
the encapsulation layer 1s directly connected to the first
surtace and the side surface.

20. The electronic device according to claim 17, further
comprising an electrode layer arranged on the second bot-
tom surface.
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